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t u jsttw**-? h 0 9 xttcwtsfu i 1 ) 

®£<£# LTiMtR^ t U h 9 > ^X 9 if&thmi* * 
'J itSESBOf-^ > -*/HB<o*flL£ 7 n— f - * y^mt 

y ^;pgpcorn y 7 j±m±mmm?MiR j-'x 9 
best entn l-c mmmv- h *tc«8tts * y n ? 

iis^ 2 ] mmm^mt. mtemm b 7 9 
t * * y mm&t <nmzm#nzm%t2ti. ^~ bmmt 
tpmibMffi. t <rmx v y*M&uz x o vmcy&ihtm 
h v*/wb b^yisxfttv. Bute h i- 

"[BWWI 3 ] fltrlfi-* * 'J *WWi . * 'J h 9 

y ^ * #WJ£$S£ NAN D^Jtf&SrW-f & If * 

im#m4 1 «nax*y«NM»i. «*o**y by 
5 1 Atria* * y mm . ««^ * y ^ 9 

9 y f.HHKO-f-^rtSFfcJCt'CIWBN AN Dfl 
^^y*M^rn^A^jtffift£t*-y MI^S* 
$ •£ & if 2 SBtt^at^W^ttiBiK** . 

^Hcoumtittrifi^ * y h 9 9 (r> b y^tm 
BBORWJ: 0 fc»<»rt3frCv**M**2IB«W>¥» 

[ff^7] HrlBhy^Wh^ys/x^iWENA 
N D WteJsif »T t'v h«MoaHK h ? yzsxfttmv 



xmwznxv>&mm3iffln*m#*nmmmi 

a.. 

[if^JMs J flfifib y*;Hfl h 9 y t Jx9im&A n 
Klfi£*rC v^M««4 IBM^atW^WftttKiift 

a. 

[ If *Jfi 1 0 ] ttflUMttift WL<r>* * U 1^ 9 > v 

i: , Iftf:^- ^9"a 9 7 Siatfe^ 

[|f*JRl 1 3 miby*M&h9y&2-9l*nKN 
AHDmzte^x&MmmeMiR b7> iSAfiemsiL 

xmmzttx^h w«js 3 K«<o*»*^»«ttK«s 
"Tit im 12] frte h ywm b 7 y vx 9\miw 

AND m tcfe t *T«&ftR6ltf>3fflR H 9 >' y'x 9 imm L 

■tiaa^ixt^s if *js 4 ia&<o¥&f*^»?ii£ieisi£ 

a, 

[MM 1 3 1 f-y hjsMitcjfivMiiat^* y 
^x^j&^tgtai^w^jfi^^a^^^ y h 7 >-> ? x^^ 

|iI<^-^ra^5JU^fi : ^ix-i»If^JSl liE«KO 

[If 14 3 b'«y MMICiSv ^BcO^ * >J 1- 5 ^ 

M&^—^7°v97J*&ftteiX&s%SJ%l 

[If^igl5 3 %&,mz?-9<D7"u?5A.t$£Vffi 
SaWfirfi* * * 'J h 9 yiSAftiRmfflSMZti* * 

cry-mts x vm&y- bm,mzm ixmmm&mw 

§ ixh mtR b 7 y Vx ? Z1t IX b' v h it^««« 

iu-^t^ ^ y -b^b 9 y^'x^cosij^y- btf#M<o 
o««*»i6$^ai^ty*M»^'f-^>'^NOTt 

SiR v- ix/c^ ^ U h 7 yiS^-fttz^ 

- i yya9'7J±z y fT o ^m^n^sm^w^f- 9 
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1000 1 ] 
[0002] 

[ tfefcOftffi 3 fit* . EPROM, 
hxU7l>nyiiA (kJT. CHE) i:i07o-f-( 

I . ±Jfi Lfc N O R M#i£ffc^# *6tt fefSigSK l > 
T t± , 2 li<7).X ^ 1 J h V > is X 9 X' 1 fffltf > t" y 1^ U > - * 

[0003] JM±^)BWi**^ . 1=SmflSl-'.) X tiJh?yx' 
^S1W««UNA Ni:>«|£fi}jj£L , 2»NAN 

* £ fc t J: 0 . SMfc«fl:«:S»RLfc N A N Dl7 5 -v > 

[0004] -ftW^NANDl? 5 v yA^U (Cfc 

itSUcO v. ifeWSK N A N D?(j7'n y ^<7)^y- HKte J: 

t\Srth. ^Oj&H. iSJf?NAND?ijyD<y^<7)^tU |- 

9 > vxw^ 7o-f -< h^^s^tcm-? 

M.1jftlz~>y b LX . /St 3 vgme&S . 
[0005] — }i\ f-^«rn/7Ai#li JSlR-r 

^<^:'J h 9 >- isX 9 W&Bl £ ilfc t* y h « fc: 0 V N 7-o 
^AfcftjW'*.* (Of-?) /ft'J by y : JX9if 

mmz titz t- y h awr+iawE ( t *. «s v ) * mu 

[00 06] mNAND^^-yyi^t'JCfc^ 
Tti. x-?07*a^9A:fcJ;t/M:£fc iFN(Fowler 
Nordheia) hJ/^jUfcSfcJ: Offofctf), MfKft&f- 

m-maresw* $ *a ^ k ^ a «ja*«* $ h jc ti . 

[0007] 



AND17 9 >y * »J ti, JaTOTpJi***-*- *. 
*> , NANDl777yi^t!J O-r — 9y*u? 

^it-r^ s ^ ^ \) b 7 >■ ifx 9 ¥mm s tttz -tkx a f 

2>M V. OSO. *3ct-e4 0 0 0 M 

ax ? <» l ^ v >iBmESr SHjup-f & ^-s^ <d . m$mcn>T 

j/v^ft^. ±IE7-n^i7A^±t"-y MRSr4»KimE(: 
[0008] Z ?.)tz*b . m ^ 7 A/< ij7r^ ®&W 

[0009] J^tJtRMWC*l»«llUT , fimE-C'c7)# 

b'-y h^iOT-'-? 9 yMSKOl^-f T*7 h**S»*N 
A N D M7 9 v v- jl ^ ^ 'J Off U V ^7'D i^9 M.-fr&ifi. 
MTnJffidZfflvkZixX ^-5. 

SI: IEEE JOURNAL OF SOLID- 
STATE CIRCUITS, VOL. 3 0, NO. 
11, NOVEMBER 1 99 5 p 1 1 5 2 — p 1 
1 5 3tCfctt-i>fB3ali. fcJ:I/F i g 5 — F ig6, 
[0010] ±MlttMlZffl7jkZtitz7-?TU7'7 

^mm. rn^9^Sr*jt-r'^^u byyisx? 

^*^§ix^NAND^|$r7n-r ^ yy^Mt LX. 
^-KtRKEWnSfti^xmE (fefciMfl 0V) to 

-y to yyt/zx o . g»wtc#E-ri» . z<D&m 

[ 0 0 l l ] 08 li. IMl-tz^tvyy-x hi&^tci 
0 N A N DS7 9 >/ ^ ^ »J Ot-?7°p ^9 A 

[00 12] i8<7)NANDl777Xa^t'Jfi, ® 
SLh. 2*<0t'7 HiBfc:«a$iifcNANDWi*fc:4 

mnx =t>Jby yisx ftfmpmmzixtz^nx 
r m tiHiat* i) *f . hisro^ ^ 'J r u -f ^fc v 

Ji. l*ONAND?in;l[?iJ^$^l.^ : E , J h9V^* 
x?o«((il 6fiSS* J -^WT'J>l>. HStcfcv^ 
•C, BLa, BLbJit'-y MH^^L. t' yh^BLa 
^{42ffl0^1Rh9yxX?ST 1 a-ST2a, t3«t 
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tS4mnX*V 1*9 MT 1 a-MT4 atfiSM 
jta$i-i^NANDW«8§il^. t'-ybt&B 
L b fcli 2 fiOgft b 9 >' >J* ?ST1 b~-ST2b. 
tiWAm** 0 b 5 yy-^MT 1 b~MT4 b# 

X^^STl ai5<fctfSTl bliJSl N ANDflKiMR* 

s l i izx owws*u mm b ?xv.^^st2 a& 

*tfST2btt»2NAND S L 21Z£ 0 MM 

b^v'X^MTl a~MT4a 
J; t^M T 1 b ~M T 4 b « *n*tL V - 1* «W L 1 - 

[00 1 3] H8^)NANDai7 9-y^*^*y 

U h 5 > * tT* Ox MT2b^7D/5 * 

10 0 14]*"*'. N AND?i]jMiR&S L 1 
V CC VCC (3. 3V) , jgJR«SL2tt«*«EGN 
D (OV) ZQlMLT. rn^ASrJIjh-r^ft^^'J 
l^yy'X^MT2 a^i^S^tr .y h*BLaCt 
»«EV CC VCC (3. 3V), rn^7At^>* 
'J b 9 yi^'X^MT 2 b **»«SiXfc t* •/ h&B LbC 
itfl&mffGND (OV) #EPin$*x£* <xc. SHR?- 
HMlWL2C7'ay7A«EVpgm (fck*tfl8 
V ) V tmS&- H«W LL WL3-WL4 fc^'X 

^ffiv pass (fckitfiov) tffMnSft* . 

tOO 1 5] 7 , U^9At«Jt^*^* , J 
h ? V ^MT 2 a #*«3*tfcN A N D V 

w«ttl4±ktT#HHR , 7-»«l» <08Cfcwm3* 

^EV pass fcO*-*'^** -vT »J 0 » 7 

5 y is* ? MT 2 a^T- * 7°a ^ 9 A* s «±^ ft 

Br = C- ins/(C 

[00 2 1] ZZ*>X\ ?v?5J»W>±>W-* + 
JnSE<ojo«¥^ k . HRBWrN ANDI7 9 v 

mn 6*wrtr**fc*>* ^^v-h^epdp^?. 

/Ul0Jffl«l:4«. ( 1 ) *li (3) * 

[0022] 

Vch=Br*Vpass v 3 ' 
[0 0 2 3] UfclFoT. Br^O. 8, V P ass= 

mifcttEkSrO?*. 

[0024] 7 7"-* MMWU: 5 N AN 
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f>NAND?^y^HC c- onoliaybn- 
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ZZX' B r ttTlE ( 2 ) j«*b$*l**^r-^ 
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sWrWiiWt* 1 *** '^W£v p a ? it 
A < -t* Z 1 1= i 0 x**4lttV c h * i ^>±tf i 

avtu. 08<^9t-ii. mm*vb?yv*9 
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MT1 b . MT3 b— MT4 b Iztf LX i&7*Cl 

> >X 7 (c*f L T 1*7 o 7' 9 A^ff ^iX'SrV >*§-£T& -j 

[00 2 6] N A N DI7 7 -/ i 'j «fV v-( Xflj 

B 1- £ T-S ft < »J&t4 , 
( 2 ) 3ft J: •) y-X/ 'HM >i£i**«i*£-£tM * y 
h7yyX^OfA->^fiC- c hfr<h£<-f * 
. <€-<0)fc*>K:(iN ANDl^ * 'J 7W 

[0027] Z hi)K ±ifi<0 «* 5 CPSTOfltrilftfr 
«<»}&frt.«r. 09 (a) t£EK*3fi.*3j£«E#*») 

LT>*U by y ; J?.9ii&lf ffiRbyyi;x9 (7)®.^ 

OiO. fSW)NANDl757yi^t 
'JcOtVnW Xfl| JTCti. -te/U 77-X h2!MPB rOHfil 
k«yh ^ ■y&Wto XXfffiR by y i Jx9<rm.^ 

[0028] HI 10 (a), (b) ULkiftUfc l-U— F 

7 cr>mi%> £ 777 T'£> £ „ 010 (a) (c*$n 
f . fltifcti^'JTb-f P7x/1/ (WELL ) ffiJgNd 
ope£. fftf*fd-fe/W77'-X|--3MSB r^U^ 
ft. ttzmi 0(b) Icfc^TJi, (MWi^t"J7H 
PWELLiSNdope^, WMIU^V by y-Jx 
9 <t u'jMiR b 5 >- > ! x 9<nti&-* v^Mm L m i n 

[0029] mi 0 (a) KJ:9. -fe;P77'-X h$l£ 
B r J^fcllfiltifttoKttPWE L L$U£N dop 
e£<K<f£.^&d2W&9, 01 0 (b) teiO, P 
WE L LjUl^N d o P e ^® < IS^-r S i: ^ ^ 'J h 7 y 
v'X ? & ± ttfM#? h 7 V ~>*X 7 O®^-* ^/Wb&fffl* 

[0030] sts^HJti, *#**flK£«*T3:3*lfc*> 

l* J i)f^ A^-7l3tt^0^T-^7*n7*5A 
9 £ i: #T"£ l>N AN DS!¥#ft^}?f&tt i£ft 

[003 1]. 



^sft*** y«tt*#v h f rxmzwimzn. m 

- miz&® $ iix & 4 2m»«5^»*ttie««iircA 

LTaflR* * !J byy i JX9tf&thmZ 
* * y >*/U&5<om&£ 7 n-f-( >-7# 

Sit L^tt. iBLx% y*;m»»4» b y 

*y*f\s&m.tiL&7a9' : 7J>m±'$.tiL£X'±ft2-<t. 7' 

o 75 j*-tk z f - 9 pvmzsB t x mna> * u «»<7> 
^--v ^^/i-a5^7-P7'7i,«ihma*-miiejM*R b ?> ^ 

a«e^ ma LxmmtRv- vmizmmzixtz* * u 

h y y^x9-mz^~ ; J7'ayy^iffi> «l»*SSr 

t o o 3 2 ] 4fc» ±iawffl>W5(i. ±geaw h 5 v ^ 
t *mimmk<omx h y*/umwuz x *)w,$tnmw 

^ISg^r »^ >-*A>m byy=JX9ttL. ±l£ h >*)l>m 
}- y y^X9<oy— hW&lz % X ^ Ugf^SPO-^-v y^- 

/mwj&»4> i- y^mmz* 'omm^m^xm^t 
'j mm^cD^* y*)vmw$L*7u y y j+m±m®.ix 
±&im& tziz s y*.ivm h y y=yx9tfmm 

[0033] ttc. ±Kjt^vmmtm. sa^tu 
b y y*jx fimmmzixk. nan Dmm m.. $>t\^ 
litmrnx ^ v b y y >-x 9 tf&mzmm $ tut a n d 

[0 034] l^«Cf-7Wn/ 

tmztx. zey-mtixvmmtf?- bmmzmtxm 
m.tfB&Mwzti&mm b yyjx.9 zir ix tr-y his 

^IHS^^x. I^l-ffo^ ^ y -t/P h 9 >->-'7v 9<r)MWy t 

- vwmw- bwzfmztix%&*mw*wmi 

MW.mW<7)T-97°a9yi<jTmx'h->X. f-^7n 
9yLWm. MR* : £Vbyy : JX9tf&t&mi* 
^ yifigga5^-v^^gPco«fic^7n-7 i ^ >^«JB 

t L^a. si&x * y «8»»<of-^ >^ww*»6 h 
y*)in%&Z7'u9y&.m±m,&&X'±MZit. m 

- KiftK&tt $ titz * ^ y h 5 > » * -mc^.- i^r 

a/7A5rff? t 

[0035] *!WMcicWUf . r-^7*Q7'5A|6^ 
i: t tf N A N D ?lJf-V y ^Vl-gPcoma i7D-f<// 
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fc*tflT N A N D m* * > * 'HWXttJb'T'O A$ 
ib«{2 £ X'IM-t h . * w»t-d / * l*i 

SgKJE tTSttN A N D?i|f*-v >-*iHU^ro^9 A* 

[0036] X^'J YIVVXttfiTa*-*** 

m±-t / <-^^- sisnan Dn+vy^MKWQtf 
f n h v *mmz i aa^i swcioro^i 

<t)^s^ r u > ?\z <k o n a n d n+* y *>vmw 

[00 37] 

lfKB«WIW»W» 3 1*1 1 & NANDif 

[0038]®1<75NAND M*&§>W&& l&tttaiS^S 
ffiULh. 2*<0t*-yh«(C««SflfeNAND5lJl 

fcwtli. l*^NAND5flC*WH***L***y b 
5 y * <0«Btt2 1 6 fMIflW*— £ . 
[0 0 3 91 Ell (C&^v-C. BLa, BLbtib'v bt& 
b*>y MIBL adJ 2»ogMK h9^^S 
Tla-ST2a, fcW^t^^^^ 
MT 1 a — MT4 a . &£V h y*MH h 7 >&WT 

t a Mmtrnztitz n a n d nmm ztix v . * 

b ~ST2b, ft^i^t^^y^MTl 

[0 0 4 0]3IiR^>^^ ST1 afcitfSTl 
bt^lNANDW»»»SLl(Cj:9flfl»S*U «K 
h*y$/***ST2aiSJ:tfST2bli»2NAND 

X?MT 1 a~MT4 atiitXMT 1 b MT4 bti^ 
|C hy^fflh^y^'^TTafcckt^TTbtihy 

y*;Mtap|fl»*T Halts'^ Win** ifcfc 
X 9 F N b y*/HB8lfc:«k 0 ifcWu n an 

~WL4 ^lNAND?iIiM^mSLl . &2NAND 



[ 0 0 4 21 021*. Bfl 1 »N A N Dffl¥»#*»Xtt 
*. EI2tCtiV^ti. STla, ST2ali>HtKh9>' 

1 a-MT4 ati^t U h 5 > S>* ^ **t«lw L-T 
BO 0 2 JiH l Kwi" N AN D SiNWOTiiffcttia* 

[0 0 43] :»NAN DM^^^W^tt^'tlPSfi 

ti h 2 n^-r xoiz. *mw&m i . *aw«6« i £ 

jag 2 ¥S«cS1S 1 y*A&fm®±.lzBJ&Zti 
T4 afPD-fO^'-^Wlie^ 

ijy'j3yy-bSi4. ^u^'J3>y-hm®4± 
ta««s*ifcJiiaBeiMi5 . mm v 5 >-v : x^ st 1 

a ST2afcit/h>'^^^>'^ TTaiS 
« V y *MMm 3 ± . MVCJiBWWWR 5 B« 
ix^^^'J l^y^y'MTl a~MT4 a. MiKhy 
y^STla, ST2a*3J;t/)-y^'fflb^>^ 
^TTa«««y-NtBWLl~WL4, SL1, 

sl2. TL^=5r-r^2«a^-K , J^U3y^'-b«ffi 

6 fcW^^5Vy^MTla~MT4a, I 
iRl^y-y^STl a. ST2a*JitJ f >y*^ffih 
^y v ! X^TTa<7)y-xi5j;t/FV'^ y$u&M7lz£ 

[0 044] £*Z. 03U. HlONANDlf^iW 

^/Uffl h 9 y ^ ^ T T a (0 h y */HBMfcK 3a^t 
•J h =y y vx? 1 0 n miS^ b y^;W®?-lli)«3 

timtx. mm*m<, tzt m4-snmmmz& 
wxx-v n b y*)v%.mm-zt WZimX'h 

[OO45]&K-.01?)NAND Sr&t#WBt&& 

mmizMihT-fy'v??^^^^ 4 izm 

^-^Tn^A^-rS^-. MT2a*«rn/5A 
Sr^ati" /< -# ^t'J b yy : Jx9X'h 0 > MT2b*«7' 

n^A-t^^^u b^yy'x^t'fci.ti^ifi^ 

[00461 4*, NAND^SHR&SLlfcil/SL 

2t;««!iaaGND (ov) **EPin$n, s-nandfj 
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pass ( t x. a 6 v > wmmzti.. h > ^vaaH 
wist uz(i~$-?w ^Difflmw/^xw^nwE/x 

/l/.*V t u n (tit 7M2 2 V ) >W9JiD$|i4 . *<0*£ 

<o h V ffl h 7 >' y'X ? T T a — T T b £ ft I X s F 
N h> -*/W«lfc:J: 9€W/3l#fcWl. *NAND« 
> JwHKOttfibPfc i: t Hf~ 1 0 Vg«W D Vy 

j<»*tE GNDA> <■;> nxlEVpass ( ft t x. {£ 6 

V ) K&^Tlf 6*1, 1 N A N D$IS«UftS L 1 #m 

V C C ( 3 - 3 V ) lZiL-h±lf htl%. ZZX\ 
^- 5/ 7*— * // 5 v 1- £ ft* # b' «y h tftfeOH*; L H 

-r-^ 7 y f-EimcSBt&SftT . T-n^'7 ^£m±?'<. 

(>7^^MT2 atfffigESftfth'-y bUSB 
LaCWWEEVCC (3. 3V)^ 

B L b tcti^m^EG N D ( 0 V ) * { EnSD§ ixX ^ h . 

^t'J h7yy^^MT2a*«ftf|,NAN 

A#xh«JE (~1 OV) *>\ ^t'Jh?^ 

X ? M T 2 b NAN DMft y JM-flKi b* v b 

^BLbSr^-LTt^iailffGND (OV) U-^WfcJWI 

[0048] — # , jlJRV- H»L 2 (Cli--fSc 1 0 ~7 
4 ^D#^Sw^PXifaWn^7Afl:IGEVp gm (ft 

t i(±" lev) ^'EpTin^ix^. . z<r>mm. *=£'Jbyy 

&&$ix.. ^q&U h7>-yX^MT2 bity'u^yM.m 
ffVp gmtciOx-^rn^Afr'&Six, L$fc>fi 
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